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Novel Artemisinin derivatives, processes for their preparation and their use as antiprotozoal agents 

This invention relates to 1 0-substituted ether and thioether derivatives of 3a,l2a-epoxy- 
3A5,5aa,6,7,8aa,9,10,12£.12a-dodecahydro-10-hydroxy-3^ 

also known as Dihydroartemisinin or Dihydroquinghaosu (DHQ) and pharmaceutical^ acceptable salts 
thereof, processes for their preparation and their use as chemotherapeutics against protozoal infections. 
5 Artemisinin and its ethers are reviewed in the following publications: 

Medicinal Research Reviews, Vol. 7, No. 1, 29-52 (1 987) J. of Medicinal Chemistry, 31, 645 (1988). 

Although compounds of the prior art have been reported to possess antimalarial activity, they have 
invariably had to be administered parenterally for activity to be demonstrated at sufficiently low doses. 
Recrudescence was also observed at a rate of 10 - 30 % in a month after administration with such 
io parenteral forms. The use of compounds is thus claimed only for cerebral malaria. Surprisingly it has now 
been determined that the novel derivatives of artemisinin described herein are characterized by two special 
qualities: 

(a) they possess potent antimalarial activity when administered orally to animals becoming thus 
potential agents for all forms of malaria resulting from susceptible and resistant forms of pathogenic 

75 Plasmodium strains and 

(b) they possess antiprotozoal activity in general and in particular antiamoebic activity against 
Entamoeba histolytica and anticoccidial activity against the protozoa Eimera teneila, hitherto not known for 
artemisinin or any of its known derivatives. 

Thus the instant invention is directed to 1 0-substituted ethers and thioether derivatives of dihydroquin- 
20 ghaosu as represented by the general formula I, 



25 




I 

XR 

30 

wherein X stands for oxygen, sulphur, SO or S0 2 when X stands for sulphur, SO or S0 2 ; R stands for Ci- 
C 8 alkyl. C 4 -C 8 cycloalkyl, substituted aikyl, alkenyl, substituted aikenyl, alkynyi, substituted alkynyl; aryl, 
araikyl, alkylsulfinyl, heterocyclic alkyl, a group 

35 

- <CH) mi - <CH 2 ) ni - <CH) m2 - <CH 2 ) - (CH) - <CH 2 ) -Y 
R R 2 R 3 

40 wherein two neighbouring carbon atoms can be connected by a double or a triple bond and 
wherein R 1 stands for hydrogen, alkyl; 
R 2 and R 3 stand for hydrogen, hydroxy, alkyl, 
Y stands for nitrile, aryl or a group 



45 




50 

wherein R\ R 5 when they are same stand for hydrogen, alkyl. substituted alkyl, when R* stands for 
hydrogen, R 5 stands for alkyl, substituted alkyl, aryl, aralkyt; when R* and R 5 together with the nitrogen 
atom to which they are attached form a heterocycle, this heterocycle may contain an additional heteroatom 
and may optionally be substituted at one or more places, 

mt-m 3 stand for 0 or 1 and m-n 3 stand for integer 0-9 with the proviso that mi -ma and m-n 3 do not stand 
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simultaneously for 0. 

When X stands for oxygen, R stands for 3-hydroxypropyl, acetoxy ethyl, oxypropyl, 2,3-oxy propyl, bis 
isopropoxypropyl, ethylnitrlle, 3-methyl-1 -pentynyl, heterocyclic aikyl, 2-hydroxyethyloxy ethyl or a group 



5 




which has the meaning as defined above or an aryl group and pharmaceutical^ acceptable salts thereof 

to with the exception of those compounds in which X is O and R is benzyl, 4-carboxybenzyl, 3-fluorobenzyl, 
phenyl and phenyl substituted by methyl, methyloxy, ethyloxy, halogen, trichloromethyl or tribromomethyl. 

In the formulae presented herein the various substituents are illustrated as joined to pyrano(4,3-j)(1 ,2)- 
benzodioxepin nucleus by one of two notations, a solid line (•) indicating a substituent which is in the £- 
orientation (i.e. above the plane of molecule) and a broken line ( — ) indicating a substituent which is in the 

75 a-orientation (i.e. below the plane of the molecule). The formulae have all been drawn to show the 
compounds in their absolute configuration. In as much as the starting materials having pyrane <4,3-j)(1 ,2)- 
benzodioxepin nucleus are naturally occurring or are derived from naturally occurring materials, they as well 
as the final products have a pyrano(4,3-j)(1 ,2)benzodioxepin nucleus in the single absolute configuration 
depicted herein. The processes of the present invention, however, are intended to apply as well to the 

20 synthesis of pyrano(4,3-j)(l ,2)benzodioxepines of the racemic series. 

In addition to the optical centers of pyrano(4,3-j)(1,2)benzodioxepin nucleus, the substituents thereon 
may also contain chiral centers contributing to the optical properties of the compounds of the present 
invention and providing a means for the resolution thereof by conventional methods, for example, by the 
use of optically active acids. A wavy line (-) indicates that substituents can either be in the a-orientation or 

25 ^-orientation. The present invention comprehends all optical isomers and racemic forms of the compounds 
of the present invention where such compounds have chiral centers in addition to those of the pyrano(4,3-j)- 
(1,2)benzodioxepin nucleus. 

The term alky I stands for Ct-Cs straight or branched chain carbon compounds such as methyl, ethyl, 
propyl, butyl, isopropyi, t-butyl. The term alkenyl stands for straight or branched chain carbon compounds 

30 containing one or more double bonds. Suitable examples are acrylyl, stearyl, cinnamyl. 

The term alkynyl stands for straight or branched chain carbon compounds containing one or more triple 
bonds and may in addition contain a double bond. Examples of alkynyl groups are 3-methyl-1-pentoynyi, 1- 
butynyt, 3-methyl-1-butynyl, 2-butynyl-1-hydroxymethyl. 

Substituents of substituted alkyl, alkenyl and alkynyl are halogen, hydroxy, carboxy, nitriie, acyl, aryl, 

35 heterocycle or a group NR 4 R 5 wherein R* and R 5 are as defined above. 

The term aryl stands for a phenyl group which is optionally substituted by one or more substituents 
such as substituted alkyl, alkenyl and alkynyl, halogen, nitro, amino, hydroxy, alkoxy, carboxy. alkylcarbox- 
ylate, trifluoromethyl, substituted amino, acetyl, alkenyloxy, alkynyloxy. When X stands for S the term 
halogen substituent on aryl group stands for fluoro, chloro, bromo, iodo but when X stands for oxygen, 

40 halogen substituents stands for chloro, bromo, and iodo. The term heterocycle or heterocyclic stands for 
cyclic compounds containing one or more heteroatoms such as piperazino, morpholino, piperidino, pyr- 
rolidine, phthalimido, isoxazolyl, furanyl, tetrahydrofuranyl, optionally substituted at one or more places by 
alkyl, alkoxy, hydroxy, halogen and/or aryl groups. 

Preferred compounds of the invention are listed in Table 1 and Table 2. 
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50 
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Table 1 




is 



R m.p. (°C) Solvent for salt Yield 

crystallisation (%) 

CH 2 CN (3) 150-152 methylenechlorid/ - 11 

pet. ether 



20 CH 2 -<(^)-0H (6) oil 

-bo 



41 



25 n 

o 

CH 2 C0CH 3 106-107 ' pet. ether - 24 

30 CH^O^CN (fl) 137-138 methylene chloride/ - 67 

pet. ether 

CH CH OCH CH OH (a) oil - - 19 
2 2 2 2 

35 



40 



45 



50 
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10 



75 



20 



25 



30 



35 



Table 1 (Contd. ) 



m.p. (°C) Solvent for salt Yield 

crystallisation (%) 



CH CH OCH CH OH (3) oil - - 38 

2 2 2 2 

CH CH NH (3) 141-143 (d) d11sopropyl ether maleate 14 

2 2 2 

CH 2 CH 2 N CZ^ ^ SZ ~ 64 n -P entane - 59 



CH^H^ ^ N * CH 3 (^) 71 " 73 pet. ether hydrochloride 71 



CI 

CH^CHJf li J (•) 150-152 chloroform/ - 32 

' C1 dilsopropyl ether 



2 2 r 



CH 2 -CH 2 -C y (3) 146-148 methyl chloride - 22 

0 pet. ether 

CH 2 CH 2^Z^ NH 2 (3) 152-154 dilsopropyl ether hydrochloride 26 



40 2 2 

CH CH CH OH (3) 74- 74 pet. ether - .21 

2 2 2 

CH CH CH NH (3) 138-140 methanol/ maleate 22 

45 2 2 2 2 tit 

dilsopropyl ether 



50 



55 
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Table 1 (Contd.) 



m.p. (°C) Solvent for salt Yield 

crystallisation (%) 



CH -CH-CH (a) oil - - 11 

OH 

CH CH-CH (3) oil - - 30 

OH 

CHCH 2 CH 2 NH 2 (a+6) 92- 94 diisopropyl ether maleate 20 

CH 

3 

CH^CHCH^C H & ) (fl) oil - hydrochloride 70 

OH 



CH^CH-CH y (0) oil - hydrochloride 40 

OH 



CH CH-CH -N N-CH (B) oil - hydrochloride 41 

OH ^ 3 

CH CHCH CH oil - maleate 18 

nh ; 

2 

CH 2 CH=CH^^> (*) oil - - 57 



<^j>-C00H (o+e) 167-171 ether/pet. ether 



76 
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Table 1 (Contd. ) 



m.p. CC) 



Solvent for 
crystal! 1sat1on 



salt 



Yield 
(%) 



o 



v t ^rCOOCH^ (a+3) 145-147 methylene chloride/ 

pet. ether 



47 



-^^OCH^CsCH (3) Oil 



-<O ch= ' 



CH-C00H (3) 146-143 



methylene chloride/ 
pet. ether 



48 
79 



^-CH0CH-CO0C 2 H 5 (3)137-139 
CI 



(3) 105 



pet. ether (40-60) 



19 



53 



CH. 



Br 



(a) oil 



63 



CH 2 <^ N 



^O 1 



(3) oil 



47 




CP, 



(3) 117-118 



methylene chloride/ 
pet. ether 
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Table 1 (Contd. ) 



m.p. (°C) 



Solvent for 
crystallisation 



salt 



Yield 
(%) 



CH* 




// « 




COOH 
(a+0)15O-152 



COOC 2 H 5 

(3) 142-144 



CH 2 CsCCH 2 0H oil 

CH(CH 3 )ChCH (ft) 91-93 

C(CH 3 ) 2 C2CH (ft) 58-60 

(a+6) 163-164 



CH 2 NHC0CH 2 



CH 2 NHCOCH 2 -<^ j>-Cl (a+6)158-160 
-4^0 (a) 96-98 



methylene chloride/ 
pet. ether 



methylene chloride/ 
pet. ether 



pet. ether 
pet. ether 
pet. ether 

pet. ether 
n-pentane 



99 



55 

40 
35 
57 
12 

10 
50 
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Ta*le 2 



5 



10 



15 




a. p. CO Solvent for ealt tteld 



crystallisation 



35 



40 



45 



50 



C *5 
! *5 



(o) 5t-54 n-pentane 



CHCC^y 



2 



(a-*) Oil 



CH 2 CH 2 0H 
CH^OCK 

CJ^CHgCOCK (B) oil 

O 



(«) 85- €7 pet. ether (40-60) 



<2> 



($) 95- 97 pet.ether 



48 



20 CJU (9) 95- 97 n-pentane - 35 



75 



25 - — (a) Oil - - * 1 



(g) 1 Q5-105 pet.ether (60-80) - 47 

43 



43 



CH-CH-TO, (a-*) 96- 96 methyl «ie chloride/ maleate 28 

diieopropyl ether 



30 



22 



ss 



g 
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Table 2 (Corvtd. ) 



m.p. (°C) Solvent for salt Yield 

crystal 1 i sat ion (%) 




\^ (a) 130-131 n-pentane - 20 

COOCH 3 

(0) 135-137 n-pentane - 42 




COOCH3 



O 



OOH (*) 53 ~ 65 methyl en chloride/ iH^O 25 

pet. ether 



COOCH 3 ( a ) 145-147 pet. ether - H 



COOCH 3 (ft) 152-153 pet. ether - 35 



(a) 114-116 pet. ether - 14 



(a) 90- 92 n-pentane - 48 

0 




o 



(a) 98-100 pet. ether - 62 
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Table 2 (Coirtd.) 



R 



m.p. (°C) 



Solvent for 
cry8talliaation 



salt 



O 

o 



CH=CH- COOH (6) 118-120 



(0) 107-109 



pet. ether 



methylene chloride/ 
pet . ether 



CH,CH=CH. 




(a) 145-147 

pet . ether 



methyl en chloride/ 



Further preferred compounds of the instant invention are those in which X-R is a residue of the 
following formulae: 



Particularly preferred compounds of the invention are: 
3a ,1 2a-epoxy-3,4,5,5aa f 6,7,8aor,9 ,1 0,1 2/3,1 2a-dodecahydro-1 0/S-ethylthio-3/8,6a.9/9-trimethylpyrano(4,3-j)- 
(1 ,2)benzodioxepin, 

3aJ2a-epoxy-3,4,5,5aa ? 67,8,8aa l 9 l 10,12j9 f 12a-dodecahydro-10a-ethylthio-3/3,6a,9/3-trimethylpyrano 
(1 ,2)benzodioxepin, 

3a.1 2a-epoxy-3,4,5,5aa,6,7 > 8,8aa,9,1 0,1 2/3,1 2a-dodecahydro-l0(a + j8)-isopropy lthio-3 /3,6a , 9/3- 
trimethylpyrano(4,3-j)(1,2)benzodioxepin, 

3a t 12a-epoxy-3,4,5,5aa,6,7,8,8aa,9,10,12/S,12a-dodecahydro-10a-pheny 
(1 ,2)benzodioxepin, 

3a,l2a-epoxy-3,4,5,5aa,6,7,8,8aa,9,10,12/8,12a-dodecahydro-10a-^ 
(4,3-j)(l ,2)benzodioxepin, 

Sa.^a^poxy-SAS.Saa.SJ^.eaa.g.l 0,1 2/3,1 2a-dodecahydro-10^^ 
(4,3-j)(1 ,2)benzodioxepin, 

4- [(3a,1 2a-epoxy-3,4,5,5aa,6,7,8,8aa,9,1 0,1 2/3,1 2a-dodecahydro-3^,6a,9^-trimethylpyrano(4,3-j)(1 ,2)- 
benzodioxepin-l0/3-yl)thio]cinamic acid, 

3a,12a-epoxy-3,4,5,5aa,6,7,8,8aa l 9J0J2/3,12a-dodecahydro-10a-[1,3-bis(isopropoxypropyl-2]oxy-3j3,6a,9 
tnmethylpyrano(4,3-j)(1,2)benzodioxepin, 

5- [3a,12a-epoxy-3,4,5,5aa,6,7,8,8aa,9,10,12/3,12a-dodecahydro^^ ,2)- 
benzodioxepin-10-oxy]methyl-3-<4-carboxyphenyl)isoxazole, 

3a^2a-epoxy-Z A$£aa$ J &Sa<x£J 0,1 2/3,1 2a-dodecahydro-10/3-(2-methyl-3-butynyl-2-oxy)-3/S t 6a,9/S- 
trimethylpyrano(4,3-j)(1,2)benzodioxepin, 

Sa.^a-epoxyS^.S.Saa.SJ.S.Saa^J 0,1 2/3.1 2a-dodecahydro-10j8-(3-butynyl-2-oxy)-3/3,6a l 9/3- 
trimethylpyrano(4,2-j)(1.2)benzodioxepin, 

S^Sa.^a-epoxy-S^.S.Saa.e^.S.Saa.g.l 0,1 2^.1 2a-dodecahydro-3/3,6a,9/3-trimethylpyrano(4,3-j)(1 ,2)- 
benzodioxepin-10/9-yl]oxymethyl-3-bromo-isoxazole, and 
5-(3a,12a-epoxy-3,4,5,5aa,6,7,a8aa,9 t 1O,120^^ 
benzodioxepin-10/S-yl]oxymethyl-3-ch!oro-isoxazole. 

The process for the preparation of compounds of the invention comprises treating compounds of the 
formula II with compounds of the 



-OC(CH ) (C H )CSCH, 
3 2 5 
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formula III wherein X and R have the, same meaning as defined above, preferably in the presence of BF 3 - 
75 etherate at a temperature of 0*C - 10* C under stirring for naif an hour to six hours. The reaction is 
preferably carried out in organic solvents such as benzene, chloroform. For completion of the reaction, the 
reaction mixture may be heated to the boiling point of the solvent used. The compounds of the invention 
are isolated by diluting the reaction mixture with water, separating the organic layer, washing it with water, 
concentrating the organic layer and purifying it by flash column chromatography using silica gel column. 
20 Compounds of the formula II are obtained by the procedure reported in the literature (Acta. Chim. Sinica 37, 
129 (1979)). 

The compounds of formula I may be administered in different manners, preferably perorally or 
parenteral^ in doses ranging from 2.5 to 100 mg/kg of body weight. As antimalarial drugs dosage unit 
forms such as dragees or capsules for oral administration or solutions and suspensions respectively for 

25 injections, each containing 100 to 400 mg of active substance are preferred. Such dosage units are 
administered once to three times daily depending upon the condition of the patient. 

For oral administration, there may be used in particular tablets, dragees, capsules, powders or granules 
which contain the active substance together with the usual carriers, adjuvants and/or excipients such as 
starch, cellulose powder, talcum, magnesium stearate, sugar, gelatin, calcium, carbonate, finely divided 

30 silicic acid, carboxymethyl cellulose or similar substances. 

For parenteral administration, in particular for intramuscular injections, there may be used sterile 
suspensions for example oily suspensions prepared with the use of sesame oil, vegetable oil, castor oil or 
synthetic triglycerides, optionally with simultaneous use of surface active substances such as sorbitan fatty 
acid esters. Furthermore, there may also be used aqueous suspensions prepared for example with the use 

35 of ethoxylated sorbitan fatty acid esters, optionally with addition of thickeners such as polyethylene glycol 
or carboxymethyl cellulose. 



Biological Evaluation Methodology 

40 

The evaluation of blood-schizontocidai activity "28-day test" described, by Raether and Fink [W. H. O. 
Report on the Scientific Working Group on the Chemotherapy in Malaria. TDR/Chemal 3rd Review. 85.3, 
Geneva, 3-5 June 1985 and references contained therein] was followed. 

Mice: All experiments were carried out in random bred male and female Swiss mice obtained from the 
45 Hoechst India Limited breeding house at Mulund. Bombay. The animals were free from Eperythrozoon 
coccoides. The animals received food pellets and water ad lib and were kept at 22-25* C room temperature. 

Parasite: Plasmodium berghei K-173 strain drug-sensitive and P. berghei (NS) moderately resistant to 
chlorquine were obtained from the London School of Hygiene and Tropical Medicines. The strains produce 
lethal infection at 1 x 10 7 parasitized red blood cells per mouse when inoculated intraperitoneally. 
50 Administration of compounds: The compounds were administered orally or subcutaneously as per 
methods described by Raether and Fink [W. H. O. Report of the Scientific Working Group on the 
Chemotherapy in Malaria, TDR/Chemal 3rd Review. 85.3, Geneva, 3-5 June 1985 and references contained 
therein]. 

Compounds of the invention were homogenized in double refined Kardi oil or peanut oil or corn oil with 
ss one or two drops of polyoxyethylenesorbitan monooleate (Tween-80, Sigma Chanicallo. England) and such 
suspensions were used for subcutaneous inoclutaion in mice. Drugs were administered for 5 days. 1st 
dosing was done within 2 hours of infection (D + 0) followed byD + 1,D + 2,D + 3 and D + 4. 

Observation of the treated mice: The blood smears were prepared at different intervals from D + 4 
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and continued up to D + 28. Blood smears were drawn from the terminal end of the tail and stained in 
Giemsa. Mice which were free from P, berghei on D + 28 were considered as completely cured. 
Results obtained with the compounds of Formula I of the invention are listed in Table 3. 



10 



15 



Table 3 




XR Oose Route of Activity 

mg/kg x 5 administration No. of No. of 

s.c. or p.o. Animals Animals 

treated/cured treated/cured 
D+7 D+28 



25 



30 




'O 



(o) S.O 
2.5 
25 



COCH (&) 5.0 

A 2.5 
20 



s.c. 
s.c. 
p.o. 

s.c. 
s.c. 
p.o. 



11/11 

6/6 
6/6 

6/6 
1/6 
5/5 



11/11 
6/6 
4/6 

4/6 
0/6 
4/8 



35 0C(CH )(C H )CsCH (6) 5.0 

3 2 5 10 



s.c. 
s.c. 



6/6 
6/6 



4/6 
4/6 



40 



CI 



° (CH 2 ) 2 N V^O (S) 10 "° 
O 



S.C. 



6/6 



4/6 



45 



SC 2 H 5 



(a) 5.0 
20.0 



s.c. 
p.o. 



12/12 
5/5 



11/12 
1/5 



50 



sc 2 H 5 



CP) 5.0 
2.5 
50.0 



s.c. 
s.c. 
p.o. 



18/18 
9/15 
6/6 



16/18 
2/16 
4/6 



55 



0CH(CH )C0CH 

«3 «3 



(B) 5.0 



s.c. 



6/6 



6/6 
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Table 3 (Contd. ) 

XR Dose Route of Activity 

mg/kg x 5 administration No. of No. of 

! s.c. or p.o. Animals Animals 

treated/cured treated/cured 
P+7 D+28 

SCH(CH 3 ) 2 (a+&) 10.0 s.c. 6/6 1/6 

5.0 .s.c. 3/6 0/6 

0CH(CH 3 )CsCH (0) 5.0 s.c. 6/6 6/6 

0C(CH 3 ) 2 CsCH (0) 5.0 s.c. 6/6 6/6 

COOH 

(fi) 50.0 s.c. 8/8 8/8 




0CH 2 



CI 



(3) 5.0 s.c. 5/5 5/5 



Br 

0 



(fl) 5.0 s.c. 6/6 5/6 



0CH 2 <^ N 



0CH[CH 2 0CH(CH 3 ) 2 ] 2 (a) 5.0 s.c. 6/6 4/6 



■O 




(ot) 5.0 s.c. 6/6 6/6 

25.0 p.o. 6/6 6/6 

(fi) 5.0 s.c. 6/6 6/6 



5 O ch=c 



*CH=CH-C00H (6) 50.0 s.c. 6/6 6/6 

The following examples illustrate the invention but do not limit the scope of the invention. 

Example 1 
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3a,l2a-Epoxy-3,4,5,5aa,6J,8.8aa.9,10,12i9.12a-dodecahydro-^ 
5 (1 ,2)benzodioxepin 

To a solution of dihyroquinghaosu (0.5 g, 0.001 m) and ethanethiol (0.26 ml, 0.0036 m) in 25 ml 
chloroform was added BF 3 etherate (8 drops) at 0*C and after the addition, mixture was stirred in ice bath 
for additional 15 minutes. The reaction mixture was then diluted with water and organic layer separated and 
w washed thoroughly with water, dried over anhydrous sodium sulphate and concentrated to obtain the 
residue, an oil which was purified by Flash Chromatography over silica gel using petroleum ethenethyl 
acetate (9.6:0.5) as eluants. Concentration of the first few fractions gave the pure solid which recrystallised 
from n-pentane to give 3a,1 2a-epoxy-3.4,5,5aa.6,7,8 v 8aa,9, 10,1 2/9,1 2a-dodecahydro-10/S-ethylthio-3/3,6a,9^ 
trimethylpyrano(4,3-j)(1,2)benzodioxepin, m. p. 95-97* C in 35 % yield. 



Example 2 



20 

3aJ2a-Epoxy-3,4,5,5aa,6,7,8,8aa,9,10,12/3,12a-dodecahydro-1^^ 
(1 ,2)benzodioxepin. 

Procedure described in Example 1 was followed. Residue obtained after concentrating organic layer 
25 was purified using flash column chromatography on silica gel using petroleum ethenethyl acetate (95.5:0.5) 
as eluant. First few fractions gave 3a,1 2a-epoxy-3,4,5,5aa ,6,7,8,8aa,9,1 0.1 2)8,1 2a-dOdecahydro-1 0/3- 
ethylthio-3j8 ) 6a > 9j8-trimethylpyrano(4,3- j) (1 ,2)benzodioxepin which was separated out and elution continued 
with the same eluant to obtain in subsequent fractions Sa.^a-Epoxy-S^.S.Saa.SJ^Saa^.lO.^^p^a- 
dedocahydrolOa-ethylthio-3/9 t 6a,9iS-trimethyipyrano-(4,3-i)(1-2)benzo-dioxepin as a solid which recrystal- 
30 lised from n-pentane to give crystals, m.p. 51-54* C in 48 % yield. 



Example 3 

35 

Sa.^a-Epoxy-S.^S.Saa.e.T.S^aa.e.lO.^^.^a-dodecahydro-IOta + ^isopropylthio-S/S.ea.g/S- 
trimethylpyrano(4,3-i)(1 ,2)benzodioxepin. 

40 Following the procedure described in Example 1, using isopropylthiol in place of ethanethiol, the 
compound 3o,12a-epoxy-3,4,5,5aa,6,7,8aa,9, 10,1 2)3,1 2a-dodecahydro-1 0(a + 0)isopropy lthio-3jS,6a,9/S- 
trimethyl pyrano(4,3-j)(1 ,2)benzodioxepin was obtained as an oil in 75 % yield. 



45 .Example 4 



3a,l2a-Epoxy-3,4,5,5aa,67,8,8aa,9,10,12/S,12a-dodec^ 
so (1,2)benzodioxepin 

Following the procedure described in Example 1 using thiophenoi in place of ethanethiol, the compound 
3a, 1 2a-Epoxy-3,4,5.5aa,6,7,8.8aa 1 9, 1 0,1 20,1 2a-dodec^^ 
(1,2)benzodioxepin was obtained in 22 % yield, m.p. 95 - 97* C. 
55 Following the procedure described in the above examples, the compounds reported in Tables 1 and 2 
were prepared similarly using appropriate nucleophile in place of ethanethiol. 
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Claims 

1 . 1 0-Substituted ethers and thioether derivates of dihydroquinghaosu of the formula I 




10 



15 wherein X stands for oxygen, sulphur, SO or S0 2 when X stands for sulphur. SO or SO2, R stands for C1- 
C 8 alkyl, C-v-Cs cycloalkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 

aryl, 
aralkyl, 
alkylsulfinyl, 
20 heterocyclic alkyl 
a group 

(CH, mi - ,CH 2 , ni - (CH, m2 - ( CH 2 ,„ 2 - (CH 2 , m3 - (Oy^-T 

25 I L ■ 

R R 2 R 3 



wherein R1 stands for hydrogen, alkyl; R 2 and R 3 stand for hydrogen, hydroxy, alkyl 
3o Y, stands for nitriie, aryl or a group 

N 

wherein R*. R s when they are same stand for hydrogen, alkyl, substituted alkyl, when R* stands for 
hydrogen, R 5 stands for alkyl, substituted alkyl, aryl, aralkyl; when R 4 and R 5 together with the nitrogen 
atom to which they are attached form a heterocycle, this heterocycle may contain an additional heteroatom 
and may optionally be substituted at one or more places, mi-m 3 stand for 0 or 1 and ni-n 3 stand for integer 
0-9 with the proviso that mi-m 3 and ni-n g do not stand simultaneously for 0, 
when X stands for oxygen, R stands for 3-hydroxypropyl, acetoxy ethyl, 
oxypropyl, 
2,3-oxypropyl, 
bis isopropoxypropyl, 
ethylnitrile, 
3-methyl-l-pentynyl, 
heterocyclic alkyl, 
2-hydroxyethyloxy ethyl 
a group 



40 



45 



50 



(CH) mi - (CH 2 ) ni - (CH)^- (CH 2 ) n2 - <CH)m 3 - (CH^ 



- Y 



I 1 I. 2 I 

R R R 

which has the meaning as defined above or an aryl group and pharmaceutical^ acceptable salts thereof 
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with the exception of those compounds in which X is O and R is benzyl, 4-methoxy benzyl, 4-carboxy benzyl, 
3-fluorobenzyi, phenyl and phenyl substituted by methyl, methyloxy, ethyloxy, halogen, trichloromethyl and 
tribromomethyl. 

2. Substituted ethers and thioether derivatives of dihydroquinghaousu of the formula I as claimed in 
s claim I wherein X stands for O and R stands for 



w 



15 



20 



CH 2 CN 



o 



OH 



CH 2 -N 




CH 2 COCH 3 , 
CH 2 CH 2 CN, 



CH 2 CH 2 CH 2 OH, 
CH 2 CH 2 CH 2 NH 2 , 



CH 2 -CH-CH 3 
OH 



rpiCH 2 CH 2 NH 2 , 



CH 2 CHCH 2 N(C 2 H 5 ) 2 , 
OH 



CI 



CH<C N 




25 



30 



35 



40 



45 



50 



55 
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N 



40 

C(CH 3 ) (C 2 H 5 )CSCH 



CH(CH 3 )COCH 3 




or X stands for S and R stands for 

50 
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2 n 5 



CH(CH 3 ) 2 -L_J 

H 3 COOC V 




CH 2 CH 2 OH 



O" c00H -Q"** 



CH 2 C00H < ,>-C00H -<, >CH=CH-COOH 

CH 2 CH 2 COOH 

CH 2 CH 2 NH 2 H^~^-C00CH, 





• CH 2 CH 2 N II J CH 2 



and pharmaceutically acceptable salts thereof. 

3. 10-Substituted ethers and thioether dervatives of dihydroquinghaosu which have the following 
formulas: 

3a,12a-epoxy-3.4,5,5aa,67,8,8aa,9.10^ 
(1 ,2)benzodloxepin, 

3a,12a-epoxy-3 t 4,5,5aa,6,73,8aa,9J0J2/3,12a-dodecahydro-10a-ethylthio-3/3-6a,9i9-trimethylpyran^ 
2)benzodioxepin, 

3a,l2a-epoxy-3A5,5aa,6,733aa,9,10,12/8.12a<lodecahydro-10a-ph 
(1 ,2)benzodioxepin, 

3a,12a,epoxy-3,4,5,5aa t 6,7,8,8aa t 9J0,12/3,12a-dodecahydro-10(a + ^Hsopropylthio-3/8,6a l 9^- 
trimethylpyrano(4,3-j)(1,2)benzodioxepin, 
3aJ2a-epoxy-3,4,5.5aa,67.8.8aa,9.10.12/3J2a^ 
(4,3-j)(1 ,2)benzodioxepin, 

3aj2a-epoxy-3,4 > 5,5aa,6,733aa,9 I 10J2^J2a-dodecahydro-10^-cyclohexylthio-3/3.6a,9/8-trimethylpyrano- 
(4,3-j)(1 ,2)benzodioxepin, 

4- E(3aJ2a-epoxy-3,4,5,5aa,673,8aa l 9 l 10,12/SJ2a-dodecahydro-3/9,6a,9)3-trimethylpyrano(4 > 3-j)(1 ,2)- 
benzodioxepin-1 0j3-yl)thio]cinnamic acid, 

3aJ2a-epoxy-3A5.5aa,6,7,8.8aa,9.1 0,1 20,1 2a-dodecahydro-10^^ 
trimethylpyrano(4,3-j)(1,2)benzodioxepin, 

5- [3aJ2a-epoxy-3.4,5,5aa,67,8 1 8aa,9,1O,120,12a-dodecahydro-3^,6a f 9/8-trimethylpyrano(4,3i 
benzodioxepin- 1 0-oxy ]methyl-3-(4-carboxypheny l)isoxazole, 

3a.12a-epoxy-3.4.5.5aa.6,7,8,8aa,9 f 1O,120J2a-dodecahydro-1O/S-(2-methyl-3-butynyl-2-oxy)-3i3,6 
trimethylpyrano(4,3-j)(1,2)benzodioxepin, 

Sa.^a-epoxy-S^i.Saa.SJ.a.Saa.aiO.^/^.^a-dodecahydro-IOiS-tS-butynyl^-oxyJ-ajg.ea.g^- 
trimethylpyrano(4,2-j)(1,2)benzodioxepin, 

5-(3a,12a-epoxy-3,4,5,5aa,673,8aa l 9,10J2/3,12a<lodecahydro-3i9,6a,9/3-trimethylpyrano(4 t 3H)(1,2^ 
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benzodioxepin-l0£-yl]oxymethyl-3-brbmo-isoxazole, or , 
5-{3aJ2a-epoxy-3,4,5,5aa f 67,8 l 8aa,9J0,12^ 

benzodioxepin-iO£-yl]oxymethyl-3-chloro-isoxazole and pharmaceutical^ acceptable salts thereof. 

4. A process for the production of 1 0-substituted ethers and thioether derivatives of dihydroquinghaosu 
of the formula I as claimed in claims 1-3, wherein a compound of the formula II 




OH 
II 



is reacted with a compound of the formula HXR, wherein X and R have the meanings given in claims 1 or 2. 

5. A pharmaceutical composition, which contains at least one compound as claimed in one or more of 
claims 1-3, optionally together with pharmaceutical^ acceptable carriers, adjuvants and/or excipients. 

6. A pharmaceutical composition as claimed in claim 5 which contains an amount of at least compound 
as claimed in one or more of claims 1-3 in an amount which is active against protozoa. 

7. A pharmaceutical as claimed in claims 5 or 6 for oral administration. 

8. A process for the production of a pharmaceutical composition as claimed in claims 5 to 7, wherein 
the active compound is, optionally together with pharmaceutical^ acceptable carriers, adjuvants and/or 
excipients, converted into a form suitable for administration. 

9. The use of a compound as claimed in one or more of claims 1-3 for the treatment and/or prophylaxis 
of diseases which are caused by infections with protozoa. 

10. The use of a compound as claimed in one or more of claims 1 - 3 for the treatment and/or 
prophylaxis of Malaria. . - 

1 1 . The use of a compound as claimed in one or more of claims 1 - 3 for the treatment and/or 
prophylaxis of diseases which are caused by infections with Entamoeba histolytica or Eimera tenella. 

12. A method for treating diseases, which are caused by infections with protozoa, wherein an effective 
amount of a compound as claimed in one or more of claims 1-3 is administered. 

Claims for the following Contracting States: ES 

1. A process for the production of 1 0-substituted ethers and thioether derivatives of dihydroquinghaosu 
of the formula I 




XR 

wherein X stands for oxygen, sulphur, SO or SO2 when X stands for sulphur, SO or S0 2 , R stands for C1- 
C 8 alkyl, C<.-C 8 cycloaikyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, 

aryl, 
aralkyl, 
alkylsulfinyl, 
heterocyclic alkyl 
a group 
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5 



(CH) mi - (CH 2 ) ni - (CH)^- (CH 2 ) n2 - (CH J^- (CH^-Y 

U i 2 R 3 

wherein Ri stands for hydrogen, alkyl; R 2 and Ra stand for hydrogen, hydroxy, aikyl 
Y, stands for nitrile, aryl or a group 

N 

X R 

75 wherein R*, R 5 when they are same stand for hydrogen, alkyl, substituted alkyl, when R 4 stands for 
hydrogen, R 5 stands for alkyl, substituted alkyl, aryl, aralkyl; when R+ and R 5 together with the nitrogen 
atom to which they are attached form a heterocycle, this heterocycle may contain an additional heteroatom 
and may optionally be substituted at one or more places, mi-m3 stand for 0 or 1 and m-na stand for integer 
0-9 with the proviso that mi-m 3 and m-ns do not stand simultaneously for 0, 

20 when X stands for oxygen, R stands for 3-hydroxypropyl, acetoxy ethyl, 
oxypropyl, 
2,3-oxypropyl, 
bis isopropoxypropyl. 
ethylnitrile, 

25 3-methyl-l-pentynyl, 
heterocyclic alkyl, 

2- hydroxyethyloxy ethyl 
a group 

(CH) mi - (CH 2 ) ni - (CH) m2 - <CH 2 ) n2 - (CH)m 3 - (CH^"* 
R 1 R 2 R 3 

35 which has the meaning as defined above or an aryl group and pharmaceutical^ acceptable salts thereof 
with the exception of those compounds in which X is O and R is benzyl, 4-methoxy benzyl, 4-carboxy benzyl. 

3- fluorobenzyi, phenyl and phenyl substituted by methyl, methyloxy, ethyloxy, halogen, trichloromethyl and 
trlbromomethyl. 

wherein a compound of the formula II 

40 



45 



50 



55 




II 



is reacted with a compound of the formula HXR, wherein X and R have the meanings as indicated above. 

2. A process for the production of substituted ethers and thioether derivatives of dihydroquinghaousu of 
the formula I as claimed in claim I wherein X stands for O and R stands for 
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CH 2 CN 
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CH 2 CH 2 CH 2 OH 
CH 2 CH 2 CH 2 NH 
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CH 2 COCH 3 , 
CH 2 CH 2 CN ' 

CH 2 CH 2 0CH 2 CH 2 OH ' 
CH 2 CH 2 NH 2 ' 



CH 2 GH 2 



-CH,, 
\ / 3 



CH 2 CH 2 



CH 2 CH 2 NpQ) 

0 



ci 



CH 2 CH 2 



Q 

ch 2 ch 2 ^^Vnh 2 , 



o 

CHoCH CH 



O 
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CH 2 -CH-CH 3 , 
OH 



CHCH 2 CH 2 NH 2 



CH 2 CHCH 2 N(C 2 H 5 ) 2< 
OH 




CH 2 CH-CH. 
OH 



CH 2 CH-CH 2 -N N-CH 2 
OH V f 




CH 2 CHCH 2 CH 3 
NH 2 



CH. 



O 



COOH 



CH 2 CH 



=ch O 



• COOH 



£^COOCH 3 




C00C 2 H 5 



OCH 2 CsCH 



CH 2 CSCCH 2 OH 



^ ^ CH=CH- COOH CH ( CH 3 ) C5CH 



<Q>-CH=CH- 



CH 2 NHCOCH 2 

CH 2 NHCOCH 2 

-C00CH 

/ 

N 



or X stands for S and R stands for 



or 



C00C 2 H 5 C ( CH 3 ) 2 CSCH 

C(CH 3 ) (C 2 H 5 )C5CH 
CH(CH 3 )COCH 3 
COCH-s 
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C 2 H 5 




and pharmaceutical^ acceptable salts thereof. 

3. A process as claimed in claim 1 wherein the 10-substituted ethers and thioether dervatives of 
dihydroquinghaosu which have the following formulas: 

3a,12a-epoxy-3,4,5,5aa,673,8aa,9,10J2/M 
(1 ,2)benzodioxepin, 

3aJ2o-epoxy-3A5,5aa,6,7,8,8aa,9,10,12/3,12a-dodecahydro-10^^ 
2)benzodioxepin, 

30,120^0X7-3,4,5,530,6,7,8,830,9,10,12/3^2 
(1 ,2)benzodioxepin, 

3aJ2a,epoxy-3,4,5,5aa l 6,7,8,8aa,9j0,12)9,12a<iodecahydro-10(a + /3Hsopropylthio-3)3,6a,9j9- 
trimethylpyrano(4,3-j)(1,2)benzodioxepin, 

3oJ2a-epoxy-3,4,5,5ao,6.7 f 8,8aa.9,10j2/9,12a-dodecahydro-10^^ 
(4.3-j)(1 ,2)benzodioxepin, 

3oj2o-epoxy-3,4,5,5ao,6 f 7,8,8aa,9,10,12/8J2a-dodecahydro-10/S-cyclohexylthio-3/3.6o,9/3-trimethv 
<4,3-j)(1 ,2)benzodioxepin, 

4- [(3aj2a-epoxy-3 I 4 l 5,5aa,6,7,8,8aa,9JO l 120.12a-dode^ 
benzodioxepin-10£-yl)thiojcinamic acid, 

3o, 1 2o-epoxy-3,4,5,5ao,6,7,8,8ao,9,1 O t 1 2/3,1 2a-dodecahydro-1 Oo-[1 ,3-bis(isopropoxypropyl-2]oxy-30,6a,9jS- 
trimethylpyrano(4,3«j)(1.2)benzodioxepin, 

5- [3a, 1 2o-epoxy-3.4 1 5,5ao,6,7,8 t 8aa,9 l 1 0, 1 20,1 2a-dodecahydro~3/S,6a,90-trimethy lpyrano(4,3-j)(1 ,2)- 
benzodioxepin- 1 0-oxy Jmethy l-3-(4-carboxy pheny l)isoxazole, 
3oJ2o-epoxy-3A5,5ao,6,7,8,8aa,9.10J2/S,12a<iodecahydro-10/8^ 
trimethylpyrano-(4,3-j)(l ,2)benzodioxepin, 

3o,l2a-epoxy-3,4 ( 5,5aa,5,7 ( 8,8ao l 9,lO,12)S,12a-dodecahydro-lO)9-(3-butynyi-2-oxy)-3/3,6a,9/8- 
trimethylpyrano(4,2-j )(1,2)benzodioxepin, 
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5-(3a,1 2a-epoxy-3.4,5,5aa,6,7.8,8aa,9,1 0,120,1 2a-dodecahydro-30,6a.9/3-trimethylpyrano(4,3-j)(1 ,2)- 
benzodioxepin-l0/9-yl]oxymethyl-3-bromo-isoxa2ole, or. 

5-(3aJ2a-epoxy-3,4 ) 5,5aa,67,8,8aa,9,1O t 120 i 12a-dod8cahydro-3j3,6a 1 9i3-trimethylpyran^ ,2)- 
benzodioxepin-10/S-yi]oxymethyl-3-chloro-isoxazole and pharmaceutical ly acceptable salts thereof. 

5 4. A pharmaceutical composition, which contains at least one compound as claimed in one or more of 
claims 1-3, optionally together with pharmaceutical ly acceptable carriers, adjuvants and/or excipients. 

5. A process for the production of a pharmaceutical composition as claimed in claim 4, wherein the 
active compound is, optionally together with pharmaceutical ly acceptable carriers, adjuvants and/or ex- 
cipients, converted into a form suitable for administration. 

w 6. The use of a compound as claimed in one or more of claims 1-3 for the treatment and/or prophylaxis 
of diseases which are caused by infections with protozoa. 

7 . The use of a compound as claimed in one or more of claims 1 - 3 for the treatment and/or 
prophylaxis of Malaria. 

8 . The use of a compound as claimed in one or more of claims 1 - 3 for the treatment and/or 
rs prophylaxis of diseases which are caused by infections with Entamoeba histolytica or Bmera tenella. 

9 . A method for treating diseases, which are caused by infections with protozoa, wherein an effective 
amount of a compound as claimed in one or more of claims 1-3 is administered. 
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